Abstract. There exist many constructions of infinite words over threeletter alphabet avoiding squares. However, the characterization of the lexicographically minimal square-free word is an open problem. Efficient construction of this word is not known. We show that the situation changes when some letters commute with each other. We give two characterizations (morphic and recursive) of the lexicographically minimal square-free word v in the case of a partially commutative alphabet Θ of size three. We consider the only non-trivial relation of partial commutativity, for which v exists: there are two commuting letters, while the third one is blocking (does not commute at all). We also show that the n-th letter of v can be computed in time logarithmic with respect to n.
Introduction
Problems related to repetitions are crucial in the combinatorics on words due to many practical application, for instance in data compression, pattern matching, text indexing and so on (see [16] ). On the other hand, in some cases it is important to consider words avoiding regularities and repetitions. Example applications can be found in such research areas as cryptography and bioinformatics. Languages of words over partially commutative alphabets are fundamental tools for concurrent systems investigation, see [9] . Therefore, the study of repetitions and their avoidability in such languages is significant.
The simplest form of repetition is a square -the factor of the form x · x, where x is not empty. Therefore, to show that a word w contains no repetitions, it is sufficient to show that w does not contain squares. Another interesting type of repetition is the abelian square -a factor of the form x · y, where x can be obtained from y by permutation of the letters. For example, baca · caab is an abelian square, whereas bcca · cbba is not. A word that contains no abelian squares is called abelian square-free. Square-free and abelian square-free words have been extensively studied. In 1906 Thue showed that squares are avoidable over three-letter alphabet (see [19] ), i.e. there exist infinitely many ternary words without a square. In 1961 Erdös raised the question whether abelian squares are avoidable (see [13] ). First attempt to answer this question was made by Evdokimov in 1968 (see [14] ), who showed that abelian squares are avoidable over alphabets consisting of at least 25 letters. Then, in 1970, the required size of the alphabet was decreased to 5 by Pleasants (see [18] ), and finally, in 1992, to 4 by Keränen (see [15] ). Moreover, it can be easily shown that abelian squares cannot be avoided over three-letter alphabet.
A one step further is to study repetitions and their avoidability in words over partially commutative alphabets, see for instance [6] [7] [8] 10, 11] . In contrast to the abelian case, only some fixed pairs of letters from the alphabet are allowed to commute. It complicates considerably the analysis of repetitions in such classes of words.
Our Results. In this paper we deal with the avoidability of repetitions in words over three-letter alphabet Θ with one pair of commuting letters. Then we describe an infinite language of length-increasing square-free words and investigate their combinatorial properties. We use this language, utilising the results of [10] , to define the infinite language of partially abelian square-free words over Θ.
As a final result, we give two characterizations of the infinite lexicographically minimal Θ-square-free word v and give an efficient construction of this word. The n-th letter of v can be computed in logarithmic time with respect to n. The first 176 letters of v are: v = abacabcbacabacbcabacabcbacbcabcbacabacbcabacabcbacabacbcabcb acbcabacabcbacabacbcabacabcbacbcabcbacabacbcabcbacbcabacabcb acbcabcbacabacbcabacabcbacabacbcabcbacbcabacabcbacabacbc . . .
